A system for the artificial rearing of colostrumdeprived neonatal piglets is described. A total of 443 piglets in 6 batches was reared. Each piglet, immediately after birth was placed in a separate incubator which was ventilated with heated filtered air. Piglets were fed hourly by an automatic system and were offered a liquid milk substitute. The mean survival rate up to the time piglets were transferred out of the rearing unit at 2 weeks of age was 78 ± 7%. The mean daily live weight gain up to 2 weeks of age was 148 ± 16 g/day and the dry matter intake over the same period was 154 ± 10 g/day per piglet.
A system for the successful rearing of colostrumdeprived neonatal piglets has been pursued in many animal laboratories for a number of years. The reasons for this are numerous but they can be classified into three topics: 1) the future commercia] development of very early weaning systems for pigs; 2) the use of the neonatal piglet in research on immunology and nutrition; and 3) the establishment of specific pathogen-free herds in hybrid breeding programmes. One of the first large-scale attempts to artificially rear baby piglets was described by Luther & Brown (1955) working in the United States. Since that time a plethora of authors has tried to devise a practical rearing system with a varying degree of success (Braude, 1972; Lecce, Matrone & Morgan, 1961; McCallum, Elliot & Owen, 1977; Young, Underdahl & Hinz, 1953; Biehl, 1966; Jones, 1972) . Alexander (1969) outlined the early stages of a project at the Rowett Institute where hysterectomyderived piglets were reared successfully without colostrum. Since that time, much work has been completed on the nutritional requirements and immunological development of baby piglets although many of the problems remain unresolved. In 1981, a new unit was commissioned at the Rowett Institute to accommodate 96 artificially reared piglets at one time. The present paper describes the salient features of this rearing system. 
Construction
An isometric projection of a single incubator unit is shown in Fig. 1 . Each unit consists of a plastic container, 64 I in volume. A clear plastic (3 mm Perspex, ICI) viewing window is inserted in the rear of the unit. At the front, another clear plastic (5 mm, Perspex ICI) panel is attached to the container at the bottom by 2 x 30 cm lengths of plastic coated spring curtain rod. These act as a hinge when the unit is opened and as a means of keeping the front panel firmly attached to the container when the incubator is closed. The front panel is held closed at its top edge by a spring clip.
Two 6·5-cm holes cut into the top of each unit allow the connection of air inlet and air exhaust lines. The air lines themselves consist of flexible PVC ventilation tubing and the connection to the incubators is made from standard plastic plumbing fittings (Marley Ltd) and worm drive clips.
Each incubator has a space of 5 em between the floor section and the bottom of the container. The floor sections are made from expanded metal sheets and are coated with high density plastic. The expanded metal sheets (Expamet 1579F) are 4 mm in thickness. After the plastic coating has been carried out each floor unit comprises a mesh of ovoid slots, each approximately 2·5 mm x 0·7 mm (see Fig. 2 ). The concentration of slots per unit area is 0·18 slots/cm 2 . 
Heating and ventilation
The 96 incubators are arranged in 2 separate rooms with 48 units in each room (see Fig. 3 ). A central service passage divides 2 rows of incubators supported on a malleable-iron tubular framework and each row is in 2 tiers each having 12 units. In the roof space above the 2 incubator rooms there is a heating and ventilation system which supplies all the incubators with heated filtered air and removes waste air. In addition, heated filtered air is supplied to each room from the same system.
The air supply fan draws air from outside the building and filters it by means of a pad filter with an efficiency of 96% against BS2831 Test Dust No.2.
The filtered air is fed to 2 separate 9-kw electric heater banks (room and incubator) each with its own control system.
Air pressures are such that there are 125 air changes/h in each incubator. The heater banks are controlled automatically by an adjustable thermostat in the exhaust air duct which drives a step controller.
The step controller progressively switches on and off sections of the electric heaters to maintain the desired temperature in the incubators, The incubator temperature is normally maintained at 33°C and the room temperature at 28°C. There is no direct control over the relative humidity within individual incubators.
The exhaust fan withdraws waste air through a separate exhaust duct system. Relative air pressures are designed such that the incubators are at a positive air pressure to the incubator rooms and the incubator rooms are at positive pressure to other adjoining rooms.
Feeding system
Liquid milk is delivered individually to each piglet every hour by an automatic electronically controlled peristaltic pump. Milk is stored at + 1°C in 25-1 stainless steel containers. From these containers the milk is pumped to each individual incubator unit. The milk pipe-line runs above each row of incubators and every unit has a separate solenoid pinch valve to control the flow of milk down to the plastic trough. The opening and close of each individual pinch valve is determined by a microprocessor unit located in the room adjacent to both incubator rooms. The frequency of feeding and the amount of milk offered to individual piglets can therefore be programmed daily as required. Milk is normally offered every hour throughout the whole day and night. Each p\glet can therefore be allowed to express its own voluntary intake or a restricted scale of intake can be applied depending on the experimental requirement. It has been found that the liquid milk substitute shown in Table 1 meets the needs of baby piglets to 2 weeks of age for normal growth and health. Vitamin and mineral supplement as shown in Table I are added manually once daily into each piglet's trough. At 2 weeks of age piglets are transferred from the incubators into conventional accommodation where they are offered diets available commercially as shown in Table 2 .
Introduction of piglets to the unit
With such a large number of incubators it has been found necessary to control carefully the introduction of piglets into the incubators by arranging synchronized farrowing. To achieve the degree of precision required sows are selected initially to be within 2 days of each other in their expected farrowing date. Prostaglandin F2a (Planate: 1CI, Alderley Park, Macclesfield, Cheshire, UK) analogue is used to induce parturition and is injected at 0700 h 9n the day before the required farrowing. If necessary an orally active progestagen allyl-trenbolone (Hoechst Ltd, Walton, Milton Keynes, Bucks. UK) is given to the sows before farrowing. This is used where a delay in farrowing date is required to ensure sows do not farrow before their allotted time. On the day of farrowing, 2 011 of oxytocin (20 units; Intervet Laboratories Ltd, Milton Road. Cambridge. UK) is given at 0900 h. This programme ensures that sows farrow between 1030 hand 1600 h on the day required. UK) and then with a 5% antiseptic solution (Savlon: ICl). At parturition, piglets are delivered directly from the vulva into a polythene bag previously sprayed with antiseptic solution (Savlon, 15%). The umbillicus is ligated and each piglet is transferred immediately through a hatch into the incubator unit which has been previously fumigated with formaldehyde gas. The next day, this exercise is repeated for another 2 sows. This ensures that approximately 45 piglets (enough to fill one room) enter the incubator area within 24 h. 14 days later the complete batch of piglets is transferred out of the incubators, the whole area is refumigated and the farrowing process begins again. 
Results
Early batches of piglets reared using the equipment and methods described above showed that mortality and the general performance of piglets were very variable. In Table 3 are presented data for the first 6 batches of piglets reared. It can be seen that survival in the incubators ranged from 55% to 98%. During the rearing of these batches of piglets it became obvious that it was necessary to introduce piglets to the incubators as one batch. Tn runs 1, 2, 3 and 4 ( Table 3 ) the policy outlined in the previous section of this paper had not been established. In runs 5 and 6 however, there was a marked improvement in survival using careful control of the farrowing time for sows and an 'all in/all out policy'.
The growth rates given in Table 3 are also variable between successive batches of piglets. In general, the average daily gains were below those normally seen in piglets reared on the sow (Lucas, 1961; Braude, Mitchell, Newport & Porter, 1970 ) Tn a recent study sow-suckled piglets in the Rowett Institute herd achieved a mean daily gain of 245 ± 10 glday up to 2 weeks of age (Varley, Wilkinson & Maitland, unpublished data) . Some piglets had the capacity to drink very large amounts of milk replacer (Table 1) but it was found prudent to restrict the intake of milk throughout the time piglets remained in the unit. Piglets allowed liquid milk to appetite were prone to diarrhoea between 6 and 12 days of age. In Table 4 are given the daily allowances per piglet of milk used in recent experiments. The use of this fixed scale has considerably reduced the incidence of diarrhoea compared to feeding to appetite.
Restricting milk intake also reduces the daily live weight gain achieved up to 14 days of age.
The conversion of food into live weight gain was very efficient and for the last two batches of piglets the feed/gain ratio was less than 1·0. Although the overall performance of piglets in the incubator system was not comparable with that achieved by sow-suckled piglets, in runs 5 and 6 the survival rates observed were superior to the survival rate in Meat and Livestock Commission recorded commercial herds (MLC, 1984) .
When piglets are present in the incubators a high degree of hygiene is maintained within the unit. Personnel are required to change clothes and shower before entering the area.
Discussion
Using the methods described in the present paper it was technically feasible to wean piglets successfully at birth on a large scale. Whether or not this technology becomes a commercial proposition remains to be seen. Mortality rates and the general 295 level of piglet performance can be better than that associated with conventional rearing methods (Braude et al., 1970; Alexander, 1969) but in practice it may be difficult to achieve consistently good results as indicated above. The input of expensive milk diets and the energy costs of heating probably limit the commercial development of such systems at the present time. In this context also it is important to note that the Farm Animal Welfare
Council in 1983 recommended that piglets should not normally be weaned from the sow at less than 3 weeks of age. This recommendation relating to farm practice does not however preclude the use of earlier weaning for specialist purposes. The specialist hybrid pig companies might find artificial rearing systems of potential value. The separation of dam and offspring immediately after birth prevents the transmission of many of the pathogens now endemic in commercial farm practice (Alexander, Thornton & Boon, 1980; Jones & Leece, personal communication) . It is possible to establish small nucleus herds of outstanding genetic merit on which the management practice would be to wean all piglets at birth. The progeny reared under these conditions could be subsequently used to repopulate other 'multiplier' farms. A constant flow of minimaldisease pigs used as replacement females in this way would promote significant advance in the health status of commercial farms generally. Currently this is achieved only on a small scale using sows which are hysterectomized and 'clean' foster mothers for the rearing of newborn piglets. The management of such systems will require attention to detail and some care because colostrum-deprived piglets reared under high hygiene conditions must be very gradually exposed to conventionally reared animals if mortalities are to be avoided.
The neonatal piglet deprived of colostrum and sow's milk provides an attractive model on which to study both neonatal nutrition and the development of active immune competence. In the absence of confounding maternal antibodies and with no placental transfer of immunoglubulins, a piglet's response to specific antigenic challenge can be assessed very precisely. Work in this area with gnotobiotic pigs has led to an increased understanding of the ontogeny of fetal and early neonatal immunity. The methods described above could be used to advantage in this area of endeavour by making possible much larger experiments than have previously been carried out in gnotobiotic units.
